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Introduction
Acute appendicitis, which is the most common surgical emer-
gency in developed countries, is a well-known diagnostic
challenge. Diagnostic errors in 9–40% of cases have been re-
ported in recent studies.1–5 Common conditions mimicking
acute appendicitis include mesenteric adenitis (26.5%), gynae-
cological diseases (21.4%), sigmoid diverticulitis (4.1%), re-
gional ileitis (2.0%) and Meckel’s diverticulitis (1.0%).6 In the
current surgical practice of open appendectomies, the surgeon
carries out further exploration for other pathology only if the
appendix is found to be normal. No further exploration is
made if the appendix is determined to be the seat of the
trouble.7 This practice is based on the belief that surgeons can
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differentiate between normal and abnormal appendices on
gross examination. Thus, its clinical safety depends on the on-
table diagnostic accuracy of the surgeon.
The aim of this study was to correlate the surgeon’s diag-
nosis and the pathologist’s diagnosis in order to establish the
diagnostic accuracy of the surgeons and the value of routine
exploration in open appendectomy. The effects of patient age
and gender and the experience of the surgeon on such diagnos-
tic accuracy were also studied.
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General Hospital (SGH), within the 12-month period from
October 2002 to September 2003 were included in this retro-
spective study. Interval and incidental appendectomies were
excluded to give a total of 518 appendectomies. Preoperative
diagnoses were made by the surgeons performing the append-
ectomies, without the aid of diagnostic imaging modalities.
Several aspects of the cases were analysed, including the
surgeons’ diagnoses, the pathologists’ diagnoses, the experi-
ence of the surgeons, as well as the age and gender of patients.
This information was obtained from the computerized
medical record database of SGH. The surgeons’ diagnoses
were based on the visual impression of the appendices
intraoperatively, and were categorized into normal, acute ap-
pendicitis and other pathology. Signs of acute appendicitis
included erythema, oedema, fibrinopurulent exudate on the
appendicular serosa, perforations, abscesses and adherence to
the surrounding bowel loops and omentum. The patholo-
gists’ diagnoses were based on the macroscopic and micro-
scopic appearances of the resected specimens, and were simi-
larly categorized into normal, acute appendicitis and other
pathology. Acute appendicitis included specimens with patho-
logical features such as an inflammatory infiltrate or
margination of neutrophils and polymorphs, microabscesses,
mucosal ulcerations and transmural necrosis with or without
perforations. The surgeons were grouped by experience into
basic specialty trainees (BSTs) and below, advanced specialty
trainees (ASTs), and specialists (associate consultants and
above). Patients were grouped by gender and by age group: 11–
20 years, 21–30 years, 31–40 years, 41–50 years, 51–60 years
and above 60 years.
A surgeon’s diagnosis was considered accurate if it fell into
the same category as the pathologist’s diagnosis. Otherwise, it
was considered discordant. The overall discordance rate was
then calculated. The Pearson Chi-squared test was used to
determine the effects of surgeon experience as well as patient
age and gender on the discordance rate.
Results
Two cases were deemed unsuitable due to incomplete histo-
logical data, so only 516 cases were analysed. There were
251 males and 265 females with ages ranging from 11 to 90
years (median, 33 years). BSTs and non-trainees operated in
235 cases, ASTs in 190 cases and specialists in 91 cases. Of
the 516 appendices, 115 were histologically normal, 395 had
acute inflammation as the primary pathology and six were
found to have other pathology (1 helminthic infection, 1 per-
forated diverticulitis and 4 malignancies) after histological
examination.
Table 1 illustrates the correlation between surgeons’
and pathologists’ diagnoses. The overall discordance rate was
14.3%. With the assumption that the pathologists’ diagnoses
were correct in cases of discrepancy, the sensitivity for diagnos-
ing normal appendices was low at 51.3%, the sensitivity for
diagnosing acute appendicitis was 96.5%, and the sensitivity
for diagnosing other pathology was 33.3%.
Table 2 illustrates the effect of surgeon’s experience on the
discordance rate. The discordance rate in appendectomies
performed by BSTs and non-trainees was highest at 16.6%,
while the discordance rate in appendectomies performed by
ASTs was lowest at 11.6%. The discordance rate in appendec-
tomies performed by specialists was 14.3%. The sensitivity for
diagnosing normal appendices ranged from 40.8% for BSTs
and non-trainees to 62.5% for ASTs, while the sensitivity for
diagnosing acute appendicitis remained high regardless of
surgeons’ experience, ranging from 94.6% for BSTs and non-
trainees to 99.3% for ASTs. Surgeon experience had no signifi-
cant effect on discordance rate (p = 0.341).
Table 3 illustrates the effect of patient gender on discord-
ance rate. The discordance rate in male patients was 13.1%
while that in female patients was 15.5%. The sensitivity for
diagnosing normal appendices in male patients was 34.1%,
which was low compared with that of 60.8% in female patients.
Table 1. Correlation between surgeons’ and pathologists’ diagnoses
Surgeon’s diagnosis
          Pathologist’s diagnosis, n
Sensitivity, %
Normal Acute appendicitis Other pathology
Normal (n = 75) 059 014 2 51.3
Acute appendicitis (n = 439) 056 381 2 96.5
Other pathology (n = 2) 000 000 2 33.3
Total (n = 516) 115 395 6
Overall discordance rate = 14.3% (74/516 cases).
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The sensitivity for diagnosing acute appendicitis was similar
for the two genders, 98.6% in males and 94.1% in females.
Patient gender had no significant effect on discordance rate
(p = 0.451).
Table 4 illustrates the effect of patient age on discordance
rate. The discordance rates ranged from 9.3% to 18.8% in the
various age groups. In view of the small sample size in each
category after stratification by age, sensitivity values were not
calculated. Patient age had no significant effect on discord-
ance rate (p = 0.584).
Discussion
The current practice of further exploration only on finding
a normal appendix in open appendectomies is based on
the belief that surgeons can differentiate between normal
and abnormal appendices on gross examination. This study
has shown that this is not true. The intraoperative diagnostic
error by surgeons in open appendectomies was as high as
14.3%, and most of such diagnostic errors involved mis-
diagnosing a normal appendix as acute appendicitis, demon-
strated by the low sensitivity for diagnosing normal appendi-
ces (51.3%). Reasons for this low sensitivity include surgeons
being influenced by the preoperative provisional diagnosis of
acute appendicitis when they are required to assess the gross
appearance of the appendix on-table, as well as the fact that
appendices with early inflammation appear very similar to
normal appendices on gross examination.
Table 2. Effect of surgeons’ experience on discordance rate
Surgeon’s diagnosis Pathologist’s
Experience of surgeon
diagnosis ) BST, n Sensitivity, % AST, n Sensitivity, % * Specialist, n Sensitivity, %
Normal Normal 20 40.8 30 62.5 9 50.0
Acute appendicitis 10 1 3
Other pathology 0 2 0
Acute appendicitis Normal 29 94.6 18 99.3 9 95.7
Acute appendicitis 176 138 67
Other pathology 0 1 1
Other pathology Normal 0 NA 0 0 0 66.7
Acute appendicitis 0 0 0
Other pathology 0 0 2
Discordance rate, % 16.6 11.6 14.3
Effect of surgeons’ experience on discordance rate is not significant (p = 0.341). BST = basic specialty trainee; AST = advanced specialty
trainee.
Table 3. Effect of patient gender on discordance rate
Surgeon’s diagnosis Pathologist’s diagnosis
Patient gender
Male, n Sensitivity, % Female, n Sensitivity, %
Normal Normal 14 34.1 45 60.8
Acute appendicitis 3 11
Other pathology 1 1
Acute appendicitis Normal 27 98.6 29 94.1
Acute appendicitis 204 177
Other pathology 2 0
Other pathology Normal 0 0 0 66.7
Acute appendicitis 0 0
Other pathology 0 2
Discordance rate, % 13.1 15.5
Effect of patient gender on discordance rate is not significant (p = 0.451).
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Table 4. Effect of patient age on discordance rate
Surgeon’s diagnosis Pathologist’s diagnosis
Patient age, yr
11–20, n 21–30, n 31–40, n 41–50, n 51–60, n > 60, n
Normal Normal 8 17 9 14 3 8
Acute appendicitis 3 1 4 4 1 1
Other pathology 0 0 0 0 1 1
Acute appendicitis Normal 10 19 13 10 3 1
Acute appendicitis 57 111 87 51 44 31
Other pathology 0 0 0 1 0 1
Other pathology Normal 0 0 0 0 0 0
Acute appendicitis 0 0 0 0 0 0
Other pathology 0 0 0 0 2 0
Discordance rate, % 16.7 13.5 15.0 18.8 9.3 9.3
Effect of patient age on discordance rate is not significant (p = 0.584).
Similar on-table diagnostic errors have been reported
previously.8,9 Efforts have been made to minimize the effect of
such errors, such as on-table inspection of the appendix mu-
cosa and sending resected appendices for routine histological
study.8 However, on-table inspection of the appendix mucosa
has recently been proven to have no effect on diagnostic
accuracy and it may even compromise subsequent histological
examinations.10 On-table diagnostic errors by surgeons in
appendectomies still occur frequently.
In current practice, surgeons perform further exploration
only on finding a normal appendix intraoperatively. Since
diagnostic accuracy is low, the possibility of leaving behind
another intra-abdominal pathology is worrying. This is espe-
cially true when many of the conditions mimicking acute
appendicitis require further investigation or treatment or they
affect the prognosis of the patient. Therefore, a new practice of
routine exploration for other intra-abdominal pathology in
all open appendectomies regardless of the gross appearance of
the appendix may be a clinically safer option. Withdrawing the
last meter of ileum to look for inflamed mesenteric nodes,
Meckel’s diverticulum or skip lesions of regional enteritis,
palpating the sigmoid colon for diverticular disease and pal-
pating the right ovary and tube in females can all be performed
via the Lanz incision.7 Alternatively, minimal access surgery
may be a better option. The other intra-abdominal organs can
be visualized more easily under laparoscopy. Recent studies
have shown that laparoscopic appendectomies are safer than
open appendectomies regardless of patient gender and age
and stage of appendicitis,11–15 with lower complication and
mortality rates. The major limiting factor seems to be the
availability of trained personnel and laparoscopic equipment.
This is especially true during night-calls, when the laparoscopic
surgeons may not be on duty, and in rural areas where laparo-
scopic equipment is not readily available.
This study has also shown that the surgeon’s experience
and patient gender and age have no significant effect on the
surgeon’s on-table diagnostic accuracy. Routine exploration
for other intra-abdominal pathologies should, therefore, be
performed irrespective of the surgeon’s experience and the
patient’s gender and age.
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